Infections after Auxiliary Partial Liver Transplantation. Experiences in the First Ten Patients
Summary: In ten auxiliary partial liver transplant recipients selective bowel decontamination (SBD) was used to reduce infections due to gram-negative microorganisms and fungi. During SBD no gram-negative infections occurred. Candida peritonitis was observed in one patient. After discontinuation of SBD serious infections of gram-negative origin did occur and three fungal infections were seen. SBD seems to have a favourable effect in reducing infections by gram-negative microorganisms and fungi. Most striking was the number of enterococcal infections that occurred. Five out of ten patients developed enterococcal infections which in two cases contributed to a fatal outcome. These infections occurred after increase of the number of enterococci in faeces and concomitant positive cultures of bile, ascites or wound drains. This increase could be due to the use of SBD. Also, the kind of biliary anastomosis may play an important role in the relatively high incidence of enterococcal infections. In the postoperative period, recurrence of hepatitis B infection in the liver graft was observed in all patients with cirrhosis due to this virus. Problems caused by other viral infections or protozoal infections remained limited in these ten patients. 
Zusammenfassung

Introduction
Liver transplantation has long remained in the experimental phase but is now an accepted therapy for almost all forms of acute and chronic liver failure [1] [2] [3] [4] [5] [6] . Infectious complications remain a major factor in morbidity and mortality among liver transplant recipients. The incidence of infectious complications after liver transplantations has been reported to be 66 to 88% [7] [8] [9] . Gram-negative microorganisms, fungi and cytomegalovirus (CMV) were the most important causative agents. Particularly gram-negative and fungal infections resulted in a high mortality (53 to 69%) [10, 11] . It has been stated that selective bowel decontamination (SBD) could result in a lower incidence of gramnegative and fungat infections [1, 12] . In October 1986 an auxiliary partial liver transplantation program was started in our hospital. We did not expect the number of patients to be sufficient for a prospective randomised trial on the effects of SBD. All patients therefore received SBD. We report our experiences in the first ten patients.
The relatively high risk of hepatitis B reinfection in HBsAg-positive liver transplant patients has often been mentioned [13, 14] . The recurrence of hepatitis B virus infection of the graft, with or without coinfection with hepatitis delta virus, was therefore followed as well.
Patients and Methods
Study population, antimicrobia[ therapy, laboratory methods and graft function:
Between October 1986 and April 1988, 11 auxiliary partial liver transplantations were performed in ten patients. One patient was retransplanted because of primary non-function of the graft. The surgical technique and first results of auxiliary partial liver transplantation in our clinic are described in detail elsewhere [15] . A number of data on patients and on the duration and the effect of SBD are listed in Table 1 . In nine patients SBD was performed with the following orally adminstered regimen four times per day: colistin sulfate 200 rag, tobramycin 80 nag and amphotericin B 500 mg, plus a mouth paste (Orabase R, Squibb, Regensburg, FRG) containing the same drugs in concentrations of 2%. Because of lack of compliance to tobramycin, this drug was replaced by ciprofloxacin, 500 mg twice daily in one patient (no. 10, Table 1 ). The parameter used for the achievement of SBD was elimination of gram-negative bacteria and fungi from the rectum and from the oropharynx. Patients with acute liver failure were started on SBD on admission to our hospital and patients with chronic liver disease when they were put on a waiting list for liver transplantation (Eurotransplant, Leiden, the Netherlands). SBD was discontinued after the last drain was removed. Twenty-four hours perioperatively, cefotaxime (4 x I g) and metronidazole (4 x 500 rag) were given intravenously. All patients received anti: cytomegalovirus immunoglobulin (Cytotect R, Biotest Pharma GmbH, Frankfurt, FRG), 110 U/kg i. v., once before transplantation and then on days 3, 7, 14, 30, 60 and 90 after transplantation. Both pre-and postoperatively, specimens were examined for bacterial, viral, fungal and protozoal pathogens, The efficacy of SBD was monitored by regular surveillaJace of specimens for bacterial and fungal pathogens. Bacterial cultures were performed semiquantitatively by using the four-quadrant method for aerobic and anaerobic pathogens [16] . The semi-quantitative cultures were estimated on a scale from one to four corresponding to the highest quadrant with bacterial growth. The preoperative bacteriological study consisted of two cultures per week from nose, throat, urine and faeces. These cultures were examined particularly for presence of gram-negative microorganisms and fungi. After transplantation, cultures were performed from Mood, bile, wounddrain fluid, nose, throat, sputum, urine, faeces and stomach contents. For the first two weeks after transplantation this was done three times per week, subsequently once a week. Also, in case of signs of a bacterial or fungal infection, cultures from the infection site and blood cultures were performed. Serum for virological study was obtained shortly before transplantation and in weeks 1, 2, 5, 8 and 11 after transplantation, and subsequently at every outpatient check. Before transplantation, the serum of patients was examined for antibodies against hepatitis A, B and delta, herpes simplex virus, varicella-zoster virus, cytomegalovirus und human immunodeficiency virus. After transplantation, detection of antibodies (IgM and IgG) to cytomegalovirus was done routinely. At the same times throat swabs and urine and blood samples were taken for rapid virus culture technique for demonstration of cytomegalovirus [17] . Antibody detection and cultures for the other viruses mentioned above were carried out only if indicated clinically. To monitor toxoplasma infections serum specimens were obtained from the recipients before surgery and at the times as mentioned for virus serology after transplantation. Serum from liver donors was acquired when available. Detection of antitoxoplasma IgG and IgM was undertaken with indirect ELISAs [18] . Portions of all sera were stored and run in parallel at a later date.
Definitions of infections:
Infections were recorded according to the CDC definitions for nosocomiaI infections [19] . Primar2¢ cytomegalovirus infections were defined either by isolation of virus or by serocoversion in a patient who was seronegative before transplantation. Toxoplasma infections were defined either by a sereconversion or by a fourfold increase in antibody titer. 
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the biliary-drainage catheter in the bowel lumen on the tenth postoperative day oral administration of cyclosporin was started. This was adjusted to trough serum levels between 100 and 200 rig/1. ALG and azathioprine were discontinued after the seventh postoperative day.
Transplant function: Transplant function was tbllowed by means of determination of coagulation factors, liver enzymes, serum bilirubin and serum albumin. Also, on preset days Doppler ultrasonography, scintigrapy with technetium-99m-labeled diethylimidodiacetic acid and liver puncture were carried out.
Results
Four out of ten patients died in the early postoperative period (up to one month after transplantation [20] ) with an inadequate or non-functioning graft. This applies to two patients with acute liver failure and two patients with chronic liver disease. In the other six patients, the graft function was good. SBD was started in the ten patients one to 35 days before transplantation (Tab}o 1). In three patients, cultures showed that SBD had not been achieved on the day of transplantation. These were patients 2, 4 and 7 who on the date of transplantation had received the SBD regimen for one, six and two days, respectively. SBD was achieved later in patients 4 and 7, on the third and sixth day, respectively, after transplantation. In patient 2, aerobic gram-negative bacteria were eliminated on the fourth postoperative day. Yeasts could be cultured from this patient's oropharynx throughout the SBD period. In three of the four patients who died, SBD was discontinued one to two days before death because of the bad prognosis. For the determination of the nature and course of infections, in this study the postoperative period was divided into a period in which effects of SBD might affect the nature of the infections, and the period after recolonization of the digestive tract. In the six patients with an uncomplicated immediate postoperative course, the duration of SBD was 11 to 13 days, and the bacteriologic cultures showed that the duration of recolonization after termination of SBD was at most seven days. In view of these findings, the second of our two periods for determination of infections was reckoned to begin on day 21 after transplantation. The duration of follow-up varied from eight to 26 months (end date 31 December 1988). Table 2 
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coli sepsis developed immediately after a routinely performed liver puncture three months after transplantation. Cholangitis must have been the source of this infection. The patient went into septic shock with severe renal failure necessitating a protracted stay in an ICU. During this stay, the patient was found to have developed a liver abscess due to Candida albicans. This abscess was drained and treated with amphotericin B intravenously. Subsequently, the abscess cavity became infected with Pseudomonas. Two months later, the patient once more developed cholangitis. From the bile, enterococci and again Pseudomonas were cultured. The cholangitis was found to be due to an obstruction of the choledochus that was corrected surgically. Thereafter the patient remained free of symptoms. Two patients (no. 1 and 3) developed a urinary tract infection with KlebsieUa plus E. coli, and Klebsiella, respectively. In the postrecolonization phase the buccal mucosa in two patients (no. 4 and 8) showed a white coating. Cultures yielded C. albicans. Both patients were given antifungal treatment orally. It was observed that in five out of ten patients enterococci were cultured. During the first 20 days after transplantation, this microorganism was cultured from the bile drain in three cases (patients 3, 5 and 10). Clinical sepsis was diagnosed in patients 2 and 5. Both had peritonitis caused by enterococci and S. epidermidis. In one of these patients (no. 2), blood cultures positive for both organisms were obtained. In the other patient, the blood cultures remained negative. Both patients died of septic shock. During the post-recolonization phase, also, two patients developed enterococcal infections. One, a woman (no. 6) with an initially uncomplicated course, was readmitted 40 days after transplantation with high fever and abdominal pain. These symptoms proved to be due to peritonitis and sepsis caused by enterococci. In the other patient (no. 9), enterococci were cultured from an abdominal wound and from blood, and two months afterwards enterococci were cultured from bile. This time the patient had cholangitis due to an obstruction of the common bile duct. Apart from a severe infection of the transplant with HBV, which occurred in all evaluable HBsAg-positive patients, problems due to viral infections remained limited in these ten patients. The data of the patients with regard to hepatitis B are summarized in Table 3 . In the four evaluable patients (patient 10 died in the immediate post-operative period), the serological findings suggest a pronounced increase of the activity of hepatitis B infection. HBe-antigen appeared and anti-e antibodies disappeared, and the HBV-DNA in the serum either appeared or rose markedly. Pathological examination of liver biopsies (results not included here) confirmed the existence of an infection of the liver aUografts in all four patients. Antibodies against hepatitis delta virus were present in two of the five HBsAg-positive patients.
As mentioned, all patients received passi~,e immunization by means of anti-CMV immunoglobulin (CytotectR). One patient (no. 3) developed a primary CMV infection with high IgM-CMV titres and persistently positive virus cultures from urine, throat and blood in the period from two to 14 months after transplantation. There were no clinical symptoms during this infection. Before transplantation, eight of the ten patients showed serological evidence of (latent) toxoplasma infection with antitoxoplasma IgG or IgM or both. Three recipients (one seronegative for Toxoplasma gondii infection, patient 4 received the graft from a donor seropositive for T. gondii. The serological status for toxoplasma infection was not known in six donors. Immediately after transplantation antitoxoplasma IgG, with an indirect ELISA IgG titer of up to 1 : 80, was found in sera of three recipients that was not detected anymore after seven weeks and apparently was passively acquired by blood transfusion. Two seropositive recipients showed a significant fourfold rise in anti-toxoplasma IgG titer followed by a conversion in IgM titer (from < 1 : 20 to 1 : 40). The peak in IgG titers were reached five (1 : 1280) and 65 weeks (1 : 640) after surgery, in patient 3 and 1, respectively. In the first patient this occurred after an episode of intensified immunosuppression and in the second case concomitantly with a reinfection of hepatitis B virus of the graft.
Discussion
In Rotterdam, 11 auxiliary partial liver transplantations were performed in ten patients between October 1986 and April 1988. All patients received selective bowel decontamination (SBD) to prevent infections by gram-negative microorganisms and fungi. According to throat and faecal cultures gram-negative organisms were eliminated in all patients before or shortly after transplantation. Only one patient failed to clear yeasts from his oropharynx. No gram-negative infections developed in the first 20 postoperative days. Candida peritonitis was observed in one patient. After discontinuation of SBD, serious gram-negative infections and three fungal infections were seen. Accordingly, we conclude that in this group of patients SBD had a favourable effect in that it reduced infections by gram-negative microorganisms and fungi. Most striking was the number of enterococcal infections that occurred in five out of ten patients. Examination of all surveillance cultures of patients who contracted an enterococcal infection showed in most cases an increase of enterococci in the faeces almost immediately after transplantation. A few days later, enterococci were then cultured from the wound area, bile drain or ascites fluid, and peritonitis and/or sepsis sometimes ensued. In at least two cases enterococci contributed to a fatal outcome. The frequent presence of enterococci cultured from specimens from liver transplant recipients an the development of enterococcal infections were mentioned only recently by Warren [21] . These patients all received systemic antibiotic prophylaxis for the prevention of gram-negative infections. The effect of SBD and of various other antibiotics on the composition of the faecal flora has often been described [22] [23] [24] [25] [26] . With SBD the aerobic gram-negative microorganisms can be eliminated from the bowel but enterococci remain at the same level or even rise in number. Although enterococci are regularly observed in the faeces of neutropenic patients protected by SBD, these bacteria rarely give rise to infectious manifestations in these patients. Our observations may point to the fact that liver transplant recipients who are protected by SBD remain at risk of acquiring infections caused by gram-positive microorganisms, especially enterococci. It must be stressed that metronidazole and cefotaxime, used in this study as perioperative prophylaxis, do not disturb the intestinal anaerobic flora and thus do not interfere with the SBD [16] . The reconstruction of the biliary tract during the operation can be performed either by choledochocholedochostomy (end to end anastomosis of the donor's and recipient's common bile ducts) or by choledochojejunostomy (anastomosis of the common bile duct of the graft to the jejeunum) [51. In our group choledochojejunostomy was performed in all patients. The possibility should be considered that this method constitutes a greater hazard with respect to infectious complications as mentioned by Kusne et al [9] . In four evaluable patients with cirrhosis due to hepatitis B virus (HBV), infection of the graft with HBV occurred as suggested by serological and pathological findings. Reactivation of chronic hepatitis B may be seen in transplant patients given immunosuppression [27] [28] [29] . In liver transplant patients this infection is of special importance as a potential cause of graft failure [13, 14] . Cytomegalovirus and toxoplasmosis were reported to cause severe infections in liver transplant patients [30] [31] [32] [33] . In our patients, however, no clinical problems from these organisms were seen.
In conclusion, there seems to be a favourable effect of SBD in that it may reduce infections of gram-negative or fungal origin. In our patients enterococcal infections took place in half of the patients. The use of SBD and the kind of biliary tract anastomosis probably play an important role. The findings in our patients with regard to the enterococcal infections give reason to react alertly with antimicrobial therapy on the appearance of enterococci in ascites or bile cultures in liver transplant recipients.
